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i;s of H. jM'lymorpha can tose-afe re;npera>un-:;; of 49 0 and I 
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!;ned by dihyciroxyaceione kinase (OHM) to on 
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uiphospha-r; i' in f;.;rtha;' stf:f;.'i of the pt- 
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Tab. 6.3 Q"orr:«$omai localization of s&verai doped genes in st'Airss. Cb$4/.>c, 

Chr-eti gsm/sequence Function Refgfene* CHrartsv- 

sssec! a<. specific probe some no. 



CFY Carboxypepddase Y Unpublished ,; 

CAP 3v^> i .,1 * r s ^ Urtpi^-sshv-d* 

r.ONA. (S.SS 8S ,S) Ri , nsi DNA KJabwndc ,5 

H Art Si Ai;-o;iorfioiisiv v^feidris; Ledeboe* si. 
sequence J. 

i-pa-ui f • > 

MOX Methanol oxidase Ledchowr ei al. 

PM.D U,;r ; ;; : .u^ d<:byd ! oi><:: ! a>.<: • -idfeborg ;j;k- 
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"ions, which sr.ii-hi. b\- N uivuiv-x! iv; voniroiH^g v:<u:v;:;:U>;!. Thss. \rr>xAii-v- -I 



Tab. 6.2 Co;r ;; -5 



AiwVw acid Nucleic aciii Aevesxifm SV». ffry/Vwrtf.s 



>\ M ' «ui i < ^ in < t l i t > I , , t ^ a Kl 

i ei : ah 2000}. The recently tenrimafed genome anah-ssy aimed at a higher cover- 
- e % v ' t - ! "? 1 c - , i - i U - - ^ 1 J 

, , < } 1 v ,< < < > •> » 

i x J s r 4-" i Z ^ v 

t7 ■< <: overage: was CGSiiers.uaed d: a pBACebb v ies: aeeoraing it:, (isoegaw;; < I ai. 
{1998: \99\>). "> vi -s on bas;e cabing, assembly and editing ; provided bv Rame- 
« \ i t"> n d t ^ , j } i 

"> h! * } ; , , , 

- llj 1 ) I f ' •> " "> I t U * 

it) size trow! 0.9 to 2.2 Vlbp (:;ee Figure 6.4A). From the sequenced 8.73 iMh. a (oral of 
» smaller than ) aa were idcmbhed. Likewise, - " Oi-iFs have ! to 



<xhfk ' > - i - - * ; be 1 - 

> abet don of die ckua obtained from the am-solaied aoem-me if. provided in Tib 



Functional category No. ofQRFs % 



:» afsd DNA syntb* 



er;poe 



Cell tat.; 



ai) (BR), is well cense: 
;!e MsK ? Gk:NAc ;: . now* 
apparatus is quite vari 
.] 'axid Tria-ble V;99}. v i; 
mannose, leading to the 



- ; :;; •> ,: : . iiu fnea; eaekboee of rbe <>m«»r srhahi is oft-.?n oiniaposed of 

>0 or vnott? !-i:;;:tiiBC"v highly branched by ackllUon of >:•).,•• Unfed ana -noses. m;d 
•<'nsi!u]!y < apped svhh >:-', Jboked nnen'oeea. geaerahn;/. h-earedy h^tK-rrnannosy- 
L:U e giycoprorebn:. The outer elcr.e .bso contains severe! n;:n:-nosYipia>s p! -are • :.->' = • 
dncr. cordeanard-e oligosaccharide wid- e negabve ran < fenr.ee (jig. era ;r«d Odaai 
i 999: Kxm eta}. 2004}. 

Co!f?p:a--.?d n> S. crn?aa<ye. the iaaor-.ose never chv-das or eehoken oiigo.eax hm-des 
goneraHv app-'-e to be ronoh shori- v : the aaahvioOopha yeasts; p.okaa .;o;d 
H. raayauaphe. although oe.efis.ee.- hep-. r;a~ < oevCeU.e has Jso been repnaeh in a 
few easea of a-corobinan; ghoopioanns p-odawl ro chase yeasa; {Scorer ct ;L Ib9< 
Mhlla; e! :.'!. i')<m Ao.eya^s of /V- linked obo:os;K ch;mdes added !o nauve ;!( ;d recone 



bbuuk :,■:■} copvo;e:ns horn / ; . paeons h..^r k,dicakd drst the. major oligosaccharide 
>p<xu :i in P. pa*U>m are Mar;. s H <dk.kAc,> with *l>ort a-l.G .artensiotw. Wore signifi- 
cantly. P. ;msk>rk ©ligosacdwrkfc* are repotted. •<> have »«> hyperinurmnogemc term- 
inal os-1,3 ghcon linkages (Montesino ef ah 1998; Bretthaucv and Castdhno W9). 
Pbosish-jmannose has boen ;k!eo:ed hi hod? ok.-ngare;?' a;:-:; ro: o o; eo.oacd ::a?:klo:> c.-n 



asdcsof Ndmked 
native study or: the 
ed if S S. tmrknu. 



:yOe>ns. <.•;•>:!, eo r><.>me.;oru; k-ysyoms v.;; Ibc mgh :;:.n;:;-.--- type, 
nogenk in human?. Attempts have been made genetkalh to mod 
processes ir. S. ot^ (Chiha et a}. 1.998} and P. pa;;*ons (Cat 
ij, in order k, ir.hn the yeast N-dycans of the high-roatmose type 
sams of the i^iam.OkNAo) iukrmcchak type. A u?ore advanced a 
been tecendy made genetkaH? so to •engineer the glycapvlano?! p 
>ris. to produce the complex hitman N-glycan ^Ketydgiucosaminc 
ep'lglucosaahHO, (G k: N Ac. > >v?a n > C ! c N Ac',, (} lamdton ->i ai. ?.0( 



iid erase;;. To d 



; achieve she optimal t 




P. pgtsiaris H. polymorphs 



rig. fi.S The representative IV-iirsxec! oligosaccharide structures 
sacchsnciK « iron- C::f?w;ii at;* T-irnbie (1939). 
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nnic coti.ntcrpaYt, resulting in the recombinant strains: harboring s.mgk- or unuti- 
tanderoly repeated copies at the reax-ctW'e: sub-tdomerk g< norm; ksus -Sobo 
. 1999 Kin- et al. 2003], A set of vectors has been described to target the hetero- 
sis DMA io the rDNA of H. (Kbbunde et al. 2{?0?.. 2003; 
kowand Gelhssen 2002: see also Chapter 13}. Most comnsoniy. pUumnds hatbo.e 



dure is called the -pas,,:gi.- ^-.p An ahemot of Use dense onlUne g: then essed u> irv 
oadare fresh rni.ectfvo unshmn. and the menbation is repeated. After throe to eight 
subsequent!) applied passage:;;.-; steps, ceils grow with the unikdly epiaoma; phw.oiid 
integrated bun the get-ome in a partlr: -onrpe >: • i ; ■ developed for tbe vmsdnction 
of a hepatitis B vaccine, a recombination within s.iiv- r-V; i) k.-ons war omi rvco 
(U Pahte.ms. unpublished results!. In order to separate these cells from Lhose s.ti.ls 
harboring the plasinid as an episoroe, one or two "stabijiifatiov) steps" must be per- 
fotrned in nonselective liquid media. If a.hquots of these cintmes are plated onto se- 
lective media, the resulting single colonies veil! exclusive!!' represent strain:- harbor- 
ing one to multiple ;;mdemh repeated copier of rise HA. 8 SI plasmkl. T'r-.a various so- 
dwiijus.i strains can. vary significantly .:;) its.: espros:no.o rams of the foreign gone, pre- 
sent or; the plasmid. ttowever. typically only a km strains display veg, high levels of 
targef protein. For a hep; probability of obtaining a dngh producer m the firs- ap- 
proach., parallel generation of op to ISO strains is recommended. Once a suitable 



controlled b< 
soume-regel. 
degradation 



'inerpha. is corr?tjtu.tiv< 



><nnr<^ -reO e;n : he he -ueneed i;y o:iueen-: Uare^vaure:-; {Ane e- '>000;. i •:• i.5;r; 
;xtj;iti<>f! with she ohtaioed h'-ph eopy numbers of' i.hc inieg; used HA.RSS plss-mud (us 
.<> 100 copies, pes' hapioid ;.<enoii)e may result' from supertransfonrestion}, Lbt-it 



Strains 

Starting with the three H. pofymnrfna parental strains. NCVC49S. CBS 
D (see Soctio-s. 6 1) ; sso.me: forty to fjf-y ether -reus;.* have been derived 



media than ih< N other parent-; >u. : U: : : ^kiihoriaiiy. Di -1 srehn* h;ue a higher frr 
<: : em v of homologous 'eeou?bin;jikvn than other rftra ins (Kant; er a:. 2002. ; Lahtchet 
2002 •. The Irtabihiy of site DI. -1 straio Jo oopsdase retire:; ibis; strain inconvenient los 
classical genetic manspuistior; exploiting sneiohc eegcegatiors. However, she reksrveh 
high trequessey of iiomok..go:;s reeo-obioatiot? i.o -he :>;..- X suaio eo-bks she apoika 
is >( <. \ h si gc-ncne >. s < s developed in S. eeo've:;;^ so be ss.sed 
the organism. Several host stains suitable for heterologous protein expression, in 
uduig auxotrophic tnutanrs. protease dehcien; strains, and max- negative -Usuio: 
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: Appendix A6.1j. A pop-out cassette -osing HpVRA 
::os>.st:'u<;::ed so •eoover the a-oauropha' marker for -1 



1} fusion PCR 
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* of H/sVXAS $ P-sisns ces-s cms 5--pyot 

LL« !IL£ in 



:ri C3-:.::-.!C 8t the "0,::^: ,<" : ^::s :t<Jvi ife :i I U p?iC !1 C-f 

>. Step V) The HpOfiA? pop-out f..».ss«>ttf; cart be removed to 
"e ri<.:>--; > v:--'iphic :r^-:l f t subsequtvi; :?e:ij' d^ruptioo or 
•::=.:•:■••:. ii.:':vte;:>i.:::0" A fjewiied p'ooedcr-v b<: 
i elsewhere (MvV *«»»g. uftpublisht*! ■esuii?.} 



u K-c.orublrtatory nx-thtKU', pc 
GeUlsscn 2002). For <; self-: 



!;■<:. in Appendix « 
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A. AMip senes 
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d-a AuOu,v .:i a b. A -a A;a.p : Aaaa- 6.V;, 

Pba ;•:•;<;:• AMpbl . W:\pi .aa; AVibaaaa i b;ao iaxa =. ; s:cd :s-> naaKipio sao-apa 

"rod pbrxnid. copy raarabers ba QbA iboPvod xx.onaboaua ; aooas p : xv; : a\- b.PA;. 
Whoa :>:• ;p?s:acpaaao m-.Uant axan; a; u.-naAorjaod wh.h one: of thrsS: pia=>j:tric3.s ux-dc.r 
«:ii-cuvo aoadiuaaa. oaxaAanaixao. \x<Kh piaaxnd iaxgoaUd aa kov (5-2), xortlooao 
{-S-v'i.. or u (up :o 100) copy niunbco; , bo rapidly aadocaxi AY^pbonov oi 
1999;. Anoihos rapid a ad copy aiaraxoaairixolbxi si A<:boi! ayaOaa baa boon dev-A- 

apian vs s nx 

aoieado.o of aaoaoas raaoo. on piaxa; oaababnag dbiAoaa aora.'oaoabona of GaiP 

boon beavoia; aadblodc oaooSaaao aad baoaxaxo; aaay nnnaxa: do- sei-xdoa of 
i: o^iarra'-ao o :5b difbxoav ropy navabova rao.pap; fVoxo ': ••> aO -ax; bo aaadv 



12* , *„, 



achieved. ;•<:•; a sakxUois of hi pchcaorpha expu-ssiouA;;tngta.hon vecrors. ;x ic; 
Degeimana {2002s and to the? hst provided hi Appendix A6.1. 

Piasnnds harbotmg ("f'N/Ak5 {.msoino-.wh' repikxnhp -cpuenees; eietnems :yr 
cady soppoti antooonxovis iephoarioe of phsfnids within host ceils., h; ;'.{. poiprn 
eee-troniCies have ;;oi yei in : isolated. The i-nabd hen piassmds nrhai 
ifAPS dejnents. bi.;l no; a c 7-.V region i base plasinids may integrate inio the ho 
!>NA ov<-s a mmtbei of gencrara-rts. rt:;;= :.»; i=3s-; regotkaby stable strains vviih ; 
many a: s 100 pU;mid.« in tariderr. repeats {Geihsse.n 2000: Ko.au.. ei ad 2002}. Notabi 
a high number otboi:egi-ated copus; ii-: no? always a pre--requl:>.Ue for high -love': or 
teinproduction. especially hx the case of secretory production. In one case, four c: 
tnes of a HA.RS vector weve sufihiem to obtain efficient expression of SJiu-amn 



exploded Us develop a ceil surface display system in / /. poiymorpha. When, the secern, 
bh « t glucose oxkfc se {GOD) was ^pr< xi tsa fas on »oiei ; < th«;< s «:ho m* 
motifs, most enzyxnt activity was: detected at the ceil surface (Kim at ai. 2002;. 

Oxie oi: the main advantages ot heterc-iot.;Ou:> gex-e expression hi //. pctymorofa rs 
Pan. s s s o , f tu . g , i , , , widely { , oi vvinet: 

i :.■ derived trorn penes of fan methanol milo-atlon pathway (see Figure f».3). Thesa 
piomoiors meinde elements derived from rhe methanol oxidase 1 M<". .••>:') . bmnate de- 
hydrogenase i'r.MD}. and dbg.droxyaeefone synthase (OH AS) gene (Gellissen et a! 
2000; van Dli.k vs. al. 2000) . Other available (bin less frequently spoiled) regn!afiv : 
promoters are derived idee mdralb'o penes ^eeodiae cn/vm-.-. invoked hx nlnsste as 
spoliation ie. g.,YNT). YNIh YN.R i . which can be induced by nitrate and repressed b) 
ammoninox) pVofa ct a!. tOPBt. or she enzyme :k id phosphatase gha i*HO iKoototep 
(Phongdaivt ei ab !ppp ; Baereiids ei ab 2002). Examples nf-eoi-stiiutive proxnolers ars 
ACT {Rang et ai. 2001 b). CAP (Idee et ai. 2005). PMA1 (Cox et ai. 2000), and TPS, 
{Ainue! et nl 2000). The PMAl prornoter even eonxpei-s with, -he («.nstand:n;g MO> 
prornof.ee in tewns o; iripl: expression feveis; PMA i is ofdeterest in the eo-exfyressior 
of genes on uxdos-.r.ia! ;;ca.ie |Co>: et a.!. 2t>00! The performance of h-e TPS! pronsote! 
is not nxiken to the use oi "« paxtieniax carbon sooree. in eoettasi to rbe eonstitntivv 
promoters listed above. P can be applied a: elevated tempera lures, where its activity 



•S..V Product and Process Examples j 

coding formaldehyde cfohydrogenas.c has been characterised recently (Oaerends ft ai. 
2002). FLDlp it essential for vhc cata holism of methanol and shows 82% sequence 
identity with slio Fkllp protein from P. prmnri;: and 76% identity with i-'klip from O. 
boidmii. "he FJ Dl promoter promises to be advantageous in that expression can be 
controlled ai •wo levels: it is strongly induced under tneihyloicophic growth condi- 
tions., but: :-ii!)v.-s moderate activity using primary amines . : is a nitrogen source. With 
these prominog characteristics, the PLDi promoter is expected to aucmscru the exist- 
ing H. polymorphs promoters (Barmaids et al. 2002} The GAP promoter also showed 
a higher specific production rate and required a much simpler fermentation process 
than She MOX promotes-based HSA production systenn implying dsn the GAP pro- 
moter ran be a practical alternative of the MOX promoter hi the large-scale produc- 
tion of some recombinant proteins {! Icoet ah 2003). 



productivity. The snhsequen! design of a hr mcurati.-m procedure sge.-niy depend-* on 
the characteristics-: of the bos! ceii, the intended touting of rite recombinant gene pro- 
duet and, moat importantly, on the promoter dements used. The commonly used 
culture media are based on simple synthetic components. They contain trace metal 
ions and adequate nitrogen sources, which are requited for efficient gene expression 
and cei! yield, but no proteins. The total fermentation time varies between 60 and 
150 hours. Due to the inherent versatile charac teristics of the two methanol-iudo.cl- 
blc: promoters, fermentation modes vary for the most: part in the supplemented car- 
bon source: glycerol methanol, glucose, anil combinations thereof may be selected. 
The ability to achieve high yields of a recombinant product expressed from a metha- 
nol pathway promoter without the addition of methanol is a unique feature of the 
; polymorph* system (see Section 6 I Cefiisser; 2000: mat low and Gcl.tissen 2002). 
in contrast, activation of these promoters in the related yeast P panaris Is strictly de- 
pendent on the presence of methanol (Gregg 1099). 

In processes for secretory heterologous pna.ems. a "oue-cmbon source" mode Is 
•asuailv enmioved. sormicmemima the< chore medium only with glycerol A hirudin 



meiiUUion is -.Saricd witli 3% pv/vs g!y<e:oi. After < <>-i^;;::^n ion of the euboa source 
(after 2S ! ihe : O - n , n \ d feeding . , . s . i-cc ae,d dm re:ndo. j, ;; ^jyc.em; 
concentration of benveeto 0.05 ai-d 0..>% pv/vt (deiepre.-jteon of the ak -X promoter). 



As nosed in moo 6.1. addition of ; oeshanol aiso •-•;-.:.-> for she- nroh fetation oi 
organelles and coawquenfly for the synt.besu; and pwlifcrwion of meenbrames. 
Methanol b thus needed, in this case to provide a high yield and balanced co-prod no 
doe of both components of die padide iSchsetev es ai. 2001. 2W>Z; see ako Chapter 
Ph. for dc-vvosiream processing, the harvested colic a;e disrupted axid the xmxiMes 
purified m a ret. id- d< p procedure due ietch.-cU:*: a<korpfson of;; de-burn'me extract to 
a matrix and she samsecpjeiU app'tkafion of a sequence of ion exchange ultra -hitiae 
;!»•!. pci fikuUioe. and olna-centriio^aiior; ;e ;vs dc-tantcd by Sckaofer ei ;;• {200k 
2002). and in Chapter 15 for recombinant hepatisk B vaccines. 

For i:be dkou ho. c, >t ;v» < ' . h > - - , 1 s been , n u a ; o. , kk »\ 
cient process ; Mayer <••: af 1099: fkepeodieck es a!. 2002}. a pre reqnlsko lot an eco- 
nomical!) compel lino pi-od\a:Uon of;) technic^ em-oyute. it- this developnse.nl ail 
steps. ;mci «H;;pi?;'!eri!s ofem-us genc-taiion, feoosriUatio::::. and pt.ii eicanou are die- 
tared by .: unlovedc of eO'k futcv and oos;-eiTcc:'nene: ; e Tibs also applies, io die debet 
nc<n o.f he inemUkn pnxoss, using skucoae at-: the ream carbon source. 

A strain was remedied in which vhe ohviasc ceepsence k under control of the 



elusion \ i29 



!H,s.Ao : ;>ui- hv-a A i > ii schaebi -iL [ ?.<■' >.:; 

hisulisi Uwnc^ed Wosuiln 

IFN*-2a Pscovi. Miilior (2001) 

HSA ?«!'>( •?••:;!!<•■ H>c ci. sc ( ?00 : >j 

«»«?teic:d 

EOF Ub scai? J Sec <?!.?.;. (;;»02i 

completed 

feci .iddiuve ;>hyUse R*gis*stt&* Mv.y«etal. {1999} 

feuavmts Levansucrae Lab scale h'.rk ei si. 1 2004V 



:vs: uf -nK-c^bbi i rueprs te<:i b;uoro<v-xs Pov; iop.cir-f-ui (Curve rs ei: :<;. PbO'f : Tooe^.nu-- 
t ;;b 2001}. A typical example of tins is the production of apcou-m-) v; : ;:iaete ixi 
/. tio'ytnorpka (Zurek ei a 5. 19%). 
A eetectior «v •''■>:. «^bp>uepe;ou V ;iv<-o promote b Psud in babie 6.5. 



6.6 

ruture Directions srsd Conclusion 



Limitations of the H, p»/ym»rp«« e. - ' xptess ion Platform 

Des.pte N moe; ib«u:;u>;e oharawerisiyx of the bb peb\merpteei>a:ex; phaterui feu 
<:{>pik.v:ik>;: i.o b -e •:••>;;,<;. >u>. ur expsVMi.ioc! . p;obb'.uv< iiiid ihoiUUioe-s may be ett- 
countered b? pcutkudu :-:Uate :>:•••• product cbu/ceeprneiste. -u u -Muhbrly -and mace 
i-KCiueuth) >.ceu e? other yeas.t 5.yeue:u. These hmiia- e>ne ;>ebeb- ovorglyccrp.'bucui 
(A^pbounv et -A. 2.O0!). uueuou withte the he. {Agsplinno* oi ;b. 2002). pow : :-\u- 



sed (■>■} or deisted {■■} gem 



tics: i. i-rn paired processing (M alter i i et oi. ?.uOi ; Gel listen ct a!. 2.002). and proteolytic 
dogradarioi) Gmekovv j-t-.i. GcUisson /.OOd}. A possible strategy to overcome these lim- 
itations Is to identify genes and gene products that may. upon disruption or U'-vv 
pn: -ssion. positively Infhn-nce the p<:nh;rniaoce of respecme strains. This has been 
applied successfiilly k- several cat-its. For example, the deletion of the KEXi gene., 
coding for cat box> peptidase ':e led to ;• significant in-provcnnent hi the quality of re- 
•-:om;;;:!3i)t human epidermal growth factor (hh'GF) secreted from polymorpha by 
decreasing the generation of C-k-rminaUy truncated hHGF- form {Hex* et si. 200M. 
Among others, co-expression of the S. wiiw^erivd K»X2 gene provided a 
geeaEh Improved pre *smg of a I FN a p« pr< e < h I. polymorph* 



d se< tetkm. and .» rediKt ioxt m ovcxKlyoosvmtloo of a 
{Table 6.6). 



« Development of tb<? H. p«;y.-xn>.--p.%> RBTS-based 



tier; eruP::.. F>:snipks delude kleobfkaho;: of the PMR ? gem- f Kany; eta! Ivbd? ami 
ghcosyiabon genes • Gisengerich et dO'M-: Fee et a.L 2002) With ;G- completion of 
genome $< : quendxsg, tramxtripioxne. ptoteomo ;malysls and other related technolo- 
gies 3. re ah now feasible and enable more .systematic approaches to be introduced. 

In a fir;:; approach, genes will be identified that a re Involved, in met.t-aitoi on iabo 
li-un. peroxisome homeostasis, proU-in glycosylatlon. secretion, and cell wall integ- 
rity. I hc.-.e tasks are executed within a cooperative ebini with partners: hi Rossi.,, ; fk- 
raixte. The Netherlands a:od Germany, and funded by FNtTAS (i'NTAS 2001 -0SS3F 
foir the klemiuc.udon of these genes, linear DNA frsgmeon barbotmg reporter 
ate used lb: random integration, theieby generating mutants. By using tins random 
kth-gvatfoo (RAi.Ft approach (van Dljk et A. 2001 p certain gene;; of poteitua! impact 
for • -"a van: gene expression functions ;n.iy be disrupted and Identified by s-equen- 
cing the region adjomiug the mtogtation site and comparing she dednced sequence 
with die genome clam. By applying a selection of suitable reporter proteins and a 
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Solr et al. 2001; Barnes et ai. .2001; Rartelsen et a 2002} to vaccines such as hepati- 
tis B (Schaefex et al. 2001; Schsefer et al. 2002). 5. <w*niuie 3$. wd! characterised, 
"h V »l " t i i i i ^ d t n ii i 1 •}■•<- 
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Tab. Aii.t Selection of h. poiytvorpha host strains. 
Strata Genotype 

m.-i ^id-type iNR^>.-Y-? ! ^o. Arooc>Gi7; 



bVUrs KRF38 



ij.Vjl.Bl 1 !<::.2!.rf);,S;:; ; «;::i«Z f .•,;!.:. Ura"" Pep* KRiBB 

U0j..«.l2 ku* urn* !\prr.l::i«cZ l.eu Uts f-rcl KRIBti 

>xX>lHVi urn ! V;> <)<i:r.szZ ;\i >: ; i<« <? ! <:<.:. uru i : Vp4 K KfiiBS 



wi:U.:y:;:,- (CBS ! 976. ATA A .i 47>\ 
■vR.^S.-V- ;7 ; !8.VKMV. i V»7: 



Briios-tai. {1999} 



RBI i k,'«.?-- ? U»a" \\'Vy-j?raarin el ,>!. (199 : >) 

RR12 Iru !•••:?* Uivri.frti' Kbcm Biotw.Vi. unpuhhshfrc] 



Tab. A6.1 (continued) 



odt2 leu2-2 



Tab. AS,?. Selection of H. paiytmtp** e 
Pf'osmirf Sxfifessien cassette 



■'<:<■:>■ Bio 

Rn;pp«?;o 
Rheif] Sio 



t; el aJ. (2<i< >G) 



i. 0992} 



hev ;2902} 



SqjV: .-'if.".': !/;:r;:;\": is 



AMfpSU promoter; HAkS)6 Jfe.'.H;.? 



AlvnpSU;. No provoowv. .'"••AtfcV.if; xl;SA3 

pG'.G&i No profiioier: Ti:7.i»N i.ipLvi.:>;G*V&' ; - S<> 



pHACTVOHyL Noprom^n 

No ti::-5l:ijiai<-r 



Waimld Expression cassette Hcpiicatiart Selection »wfer integrated Rsjbrmess/eommeat 

sequence copy number 



X'lni-bav-.il psvir-xtih. 
pMFTUl MOX-pram 



Tab. AS.* (continued) 



NCYC495-bas«d pbsmid« 

oHHW> AO.H'pr.>ino;.-:r N«> rc-pikaHost HpPtJR7/Amp r>.<i Kaan e= al ami) 

AMOiermix*t»r s^uctkx- 

pH!PX4 AOXprovrtoter No vepKcauors SeUt«?/Kan «.<i. Ci'?t3.eial. n<s<H} 

pHJI>X5 AJfayra»ote Nf>;eph:..v;v;« ScLEVtfKacu ad. Kk> nal. 

f>.HU-Xf> PftOfrnmraler No vepikaaoy. ^iit^/Kais n.d. Kio- et a!. (i^Si 




lymorpku. polyworrha ■■ buA<n>y ano «ppJkqtiou.«. Wii<-> 
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s.i.dy. 3rd edrtion. * 
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